INTRODUCTION
Suicide is one of the major problems of public health throughout the world. Over the past 45 years, the suicide rate has increased by 60% and worldwide, 800 000 people commit suicide every year. In particular, suicide is the second leading cause of death among young people aged between 15 and 29 years. 1 In Korea, deaths from suicide soared after the economic crisis in 1997 2 and, according to a report by the Ministry of Health and Welfare, in 2013, the suicide rate was 28.5 per 100 000 people, the highest among all 33 Organization for Economic Co-operation and Development (OECD) member nations at the time. 3 There are several well-established risk factors for suicide, including economic adversities, the family environment, the occurrence of a major life stressor (eg, unemployment) and substance abuse. [4] [5] [6] Medical conditions have also been identified as risk factors. Among these, psychiatric disorders such as depression, anxiety, personality disorders and eating disorders are known to increase the risk of
Strengths and limitations of this study
▪ This study used a nationwide populationrepresentative 5-year combined survey data of Korean adults, and the large population sample size could represent the general population of adults in South Korea. ▪ Subgroup analysis by age and sex provide a clear understanding for the dynamic pattern between obesity level and suicidal behaviour including ideation and attempt. ▪ Reports of the respondents were a subjective recollection of thought and act of the previous year, potentially influenced by perception and recall bias. ▪ Owing to the lack of data, our study could not adjust the comorbid psychiatric disorders.
suicide. 7 8 In addition, patients with chronic illness, including cancer, osteoarthritis, rheumatoid arthritis, asthma and myocardial infarction are known to have a greater risk of suicide, as compared with healthy, nonclinical populations. [9] [10] [11] [12] [13] [14] In the past several decades, the prevalence of obesity and suicide increased simultaneously, and several pioneering researchers have tried to elucidate as to whether the increases in body weight and suicide are independently linked or not. Notably, obesity-related comorbidities, such as dyslipidaemia, myocardial infarction, depression, anxiety, eating disorders and osteoarthritis, are also wellestablished risk factors for suicide, which further complicates the clarification of the current issue. 15 In some reports, the relationship between obesity and suicidal behaviour such as suicide ideation and attempts differed according to sex; 16 17 it has also been reported that obese adolescents and young people are more vulnerable to the risk of suicidal behaviour. 18 The prevalence of obesity is relatively lower in Asia than in western countries; 19 this may influence the association between obesity and the risk of suicidal behaviour. In this study, we conducted subgroup analyses by sex and age to give a detailed clarification of the relationship between obesity and the risk of suicidal behaviour (ie, suicide ideation and suicide attempts) in South Korea.
METHODS

Study samples and data collection
In this study, we used the Korea National Health and Nutrition Examination Survey (KNHANES), conducted from 2007 to 2012. The KNHANES, established by the Korea Centers for Disease Control and Prevention (KCDC), is a nationwide, cross-sectional, noninstitutionalised household-based survey, aimed at monitoring the overall health status of the general Korean population. For a representative Korean national population, a complex stratified multistage probability cluster sampling design was used to select the household units for this survey. The structure of this survey was slightly modified every 3 years. We used data from the fourth (2007) (2008) (2009) ) and the fifth KNHANES (2010-2012). Using the weight variables on this database, the integration of the fourth and the fifth KNHANES was possible. The analysed data can be considered representative of the national population. The KNHANES consisted of personal interviews comprising a nutritional survey and various health-related questions, including individual health examinations, concomitant diseases and suicidal behaviour (ie, suicide ideation and suicide attempts). Suicide behaviour in this manuscript is the comprehensive word including both suicide ideation and attempts. The individual data for the research were available to the public through the KNHANES home page (https:// knhanes.cdc.go.kr). The study protocol including study design, interview questionnaire and informed consent got approved by the ethics committee in KCDC.
Independent variables of main interest
Obesity was defined by body mass index (BMI), according to Asian criteria, 20 21 as follows: underweight (<18.5), normal weight (18.5 to <23), overweight (23 to <25), obesity (25 to <30) and severe obesity (≥30). BMI (kg/m 2 ) was calculated using the data obtained on weight (kg) and height (m) during health examinations. The participants' weight and height were measured by trainees at an investigation agency.
Dependent variables
Suicide ideation involves thoughts about or an unusual preoccupation with suicide. This was assessed by asking whether participants had experienced suicide ideation within the previous year or not. The specific question is 'Have you ever thought about committing suicide within the previous year?'. This question was coded as a dichotomous variable (yes/no).
A history of suicide attempts was assessed through one self-report item, namely, 'Have you attempted suicide within the previous year?'. This question was coded as a dichotomous variable (yes/no).
Covariate variables
Concomitant diseases
Concomitant diseases related to obesity were investigated through health examinations and individual answers to the questionnaires. Blood pressure and several laboratory tests (eg, triglycerides, high-density lipoprotein (HDL) cholesterol and fasting plasma glucose (FPG)) were performed. Hypertension, dyslipidaemia and diabetes were determined through abnormal health examination results or a physician's diagnosis, as shown in the questionnaires. The criteria for an abnormal health examination were: blood pressure for hypertension, indicated by a systolic pressure of >140 mm Hg or diastolic pressure of >90 mm Hg, 22 diabetes glucose level (≥126 mg/dL), 23 total cholesterol level (≥240 mg/dL), LDL-cholesterol level (≥160 mg/dL), HDL-cholesterol level of <40 mg/dL or a triglyceride level of ≥200 mg/dL for dyslipidaemia. 22 If patients indicated on the questionnaires that they had been diagnosed with coronary heart disease (eg, angina pectoris (AP) and myocardial infarction (MI)), stroke, depression and osteoarthritis through physicals, they were defined as having those diseases. The results of suicide ideation for men and women showed a U-shaped curve by obesity level. However, there were slight gender differences. Among men, those who were underweight had the highest prevalence of suicide ideation, whereas among women, those who were severely obese had the highest prevalence. With regard to suicide attempts, men had lower prevalence as their obesity levels increased. However, the prevalence of suicide attempts was highest in women with severe obesity (figure 1).
Sociodemographic variables
Multiple logistic regression analyses
After controlling for other sociodemographic factors and concomitant diseases, obese men had a low OR for suicide ideation (OR=0.87, 95% CI 0.76 to 1.00). Among women, the ORs of severely obese or underweight women were 1.27 (95% CI 1.06 to 1.52) and 1.24 (95% CI 1.06 to 1.45), respectively. However, the severity of obesity did not have a significant effect on suicide attempts among men and women (table 2) .
When grouped by age category, severely obese women aged ≤50 years mostly showed significantly higher ORs for suicide ideation or attempts, as compared with normal weight women in the same age range. For women aged 18 to <30 years, the ORs for suicide ideation and attempts among severely obese women were 2.30 (95% CI 1.36 to 3.89) and 1.22 (95% CI 0.43 to 3.48), respectively. The ORs were 1.62 (95% CI 1.21 to 2.16) and 3.07 (95% CI 1.50 to 6.31), respectively, among women aged 30 to <50 years. Overweight and obese women aged more than 50 years exhibited significantly lower ORs of suicide ideation, at 0.87 (95% CI 0.76 to 0.99) and 0.85 (95% CI 0.75 to 0.96), respectively, when compared with counterparts of normal weight (table 3) . Despite statistical insignificance, women in the older age group, who had a high BMI, consistently showed lower ORs of suicide attempts when compared with their counterparts of normal BMI.
DISCUSSION
In the current study, we found sex differences in the association between BMI and suicidal behaviour. In our study, the prevalence of suicide ideation and attempts by BMI differed substantially between men and women. Among men, as the level of BMI increased from underweight to severe obesity, the prevalence of suicide attempts decreased in a linear pattern. However, among women, we found a high prevalence of suicide attempts in the severely obese group. The results also showed sex differences in suicide ideation. Men in the underweight group had the highest prevalence of suicide ideation; among women, the highest prevalence was found among those in the severely obese group.
After controlling for other demographic and clinical information, severely obese women had a significantly higher OR for suicide ideation and tended to have a higher OR of suicide attempts, although statistical significance was not obtained.
Previous reports did not show consistent results regarding the association between obesity and the risk of suicidal behaviour. Whereas some articles indicated obesity as having a protective effect on suicide risk, 16 24-33 others reported that it had a negative impact on suicide risk. [34] [35] [36] [37] [38] [39] [40] Therefore, whether the worldwide prevalence of obesity and suicide is independent of one another, is positively or inversely linked, or not, remains to be established. 15 41-43 Regarding completed suicide, there is a seemingly inverse relationship between BMI and death from suicide. In other words, an increase in BMI had protective effects on completed suicide in previous studies. An inverse association between BMI and suicide has also been consistently observed in different countries among adult samples of Caucasian males; 24 25 31 recent studies have also extended the findings on this inverse relationship to the whole population. [26] [27] [28] [29] Several studies have tried to elucidate on putative mechanisms for the association, and have explained that the relationship may partly be due to differences in suicide methods, according to BMI. 29 30 32 The association between BMI and suicidal behaviour, especially suicide ideation and attempts, is quite inconsistent, and fewer studies have been conducted compared with completed suicide. 15 Regarding suicide attempts, sex differences had a substantial influence on the relationship between BMI and suicide attempts. The majority of studies have reported that men with a high BMI had a low OR of suicide attempts. In the same context, underweight men exhibited a higher OR of suicide attempts than did their counterparts of average weight. On the other hand, women with a high BMI have been found to have a high tendency of suicide attempts. 16 17 31 33 However, few studies have reported an association between extreme obesity and a higher number of suicide attempts among both men and women. 34 38 In our study, similar sex differences were observed in the Korean population, despite the lack of statistical significance. Few studies have been conducted on suicide ideation among obese people. 15 42 Among women, most studies have revealed a positive relationship between BMI and suicide ideation. 17 36 37 However, the association between the two was found to be inconsistent among men. In 2000, Carpenter and colleagues reported the protective effect of BMI on suicide ideation, indicating high suicide ideation among underweight men (OR=1.81; 95% CI 1.71 to 1.89), as compared with men of average weight. However, in 2009, Mather and colleagues revealed a high OR of suicide ideation among obese men (OR=2.00; 95% CI 1.33 to 3.03), as compared with non-obese men. In addition, most studies oriented towards adolescents have reported a high tendency of suicide ideation among obese boys. 37 39 In our study, obese men had a lower OR of experiencing suicide ideation and underweight and severely obese women had higher ORs than did counterparts of normal weight.
For an in-depth analysis of the association between obesity and suicidal behaviour among women, we conducted subgroup analyses by age groups (ie, the younger age group (<30), the middle age group (30-49.9 ) and the older age group (50≥)). Interestingly, the association between obesity and suicide ideation or attempts exhibited different patterns according to age group. Among severely obese women, there was a seemingly inverse relationship between age and suicidal behaviour. With a decrease in age, the OR of suicide ideation and attempts increased significantly. Consequently, severely obese women had the highest ORs of suicide ideation (OR=2.30; 95% CI 1.36 to 3.89) in the younger age group and suicide attempts (OR=3.07; 95% CI 1.50 to 6.31) in the middle age group.
Considering the social stigma towards obese individuals in Korean society, it seems that obese women in the younger age group may have had more social stressors, including social relationships. Some studies mentioned the prevailing stereotypes against obese people, that they are less hard working, productive, successful, intelligent, attractive and self-disciplined than are nonobese people. 44 The negative social perceptions about obesity may lead to the social discrimination of obese people, especially that of young people seeking employment and partners. Actually, some Korean studies have found misconceptions regarding body image to be more common among younger people. 45 46 Higher suicide ideation and attempts among younger people in our study may indicate the severity of social discrimination towards obese women. One study mentioned that the social stigmatisation of obese people leads to health disparities and relatively poor health among this group, and has a negative impact on the effectiveness of interventions for obesity. 44 Thus, efforts in public health, which are aimed at decreasing the social stigmatisation of obesity, may be required to facilitate a decrease in incidences of suicide and effective management of obesity.
Furthermore, the trend regarding the inverse relationship between obesity and OR of suicidal behaviour in the older age group remains to be established. It might be partly explained by Korean society's higher tolerance for overweight or obesity among aged women. It has been reported that white women consistently report higher body dissatisfaction than do black women, regardless of the severity of obesity; this trend is explained by differences in social acceptance. 47 48 In a simple conjecture, low social stress regarding being overweight or obese among aged Korean women might potentiate the protective physiological features of obese people, such as increased serum levels of free fatty acid and its link to central serotonin. 49 50 In biological psychiatry, the most replicated finding is a low and experimentally lowered central serotonin and its linkage with increased suicide, aggression and reduced harm avoidance. In obese people, the insulin resistance syndrome is associated with increased blood level of free fatty acids, which compete with tryptophan for binding to serum albumin. As a result, increased unbound tryptophan in the blood could easily penetrate the blood brain barrier, which is the ratelimiting step of serotonin synthesis, and result in increased central synthesis of serotonin. Increased central serotonin synthesis might be related to the protective effects on the risk of suicidal behaviour. Similarly, some researchers have reported that postmenopausal women with a higher BMI obtained lower scores on depressive symptoms. 51 In our study, suicidal behaviours were associated with sociodemographic variables such as the family environment (eg, marital status), educational level and household income level, as well as medical variables such as comorbidities. Among these, there was a discernible inverse link between OR of suicidal behaviour, educational and household income levels. Our results were consistent with those of previous Korean studies and those conducted in western countries. 24 52 Regarding smoking status, current smokers in women showed statistically significant associations with suicide behaviours similar to that of a previous study. 5 However, smoking in men showed quite a different pattern. Current smokers in men exhibited reduced OR of suicide ideation with statistical significance even though the statistical association was not existed for suicide attempts. Further research on the sex difference in relationship between smoking and suicide behaviour would be required.
Some medical comorbidities were also related to an elevated OR of suicidal behaviour in Korea. Coronary heart disease (MI, AP) and osteoarthritis were linked to a high OR of suicidal behaviour, whereas dyslipidaemia and stroke were associated with an elevated OR of suicide ideation, but not suicide attempts. However, hypertension and diabetes were not associated with suicidal behaviour. Generally, psychological disorders and multiple illnesses reportedly have a strong association with the risk of suicide. 7 8 14 Specifically, chronic pain with high recurrence and ambiguous diagnoses has also been associated with an elevated risk of suicide. 9 11-13 Similarly, in our study, regardless of sex, people with depression exhibited the highest ORs of suicide ideation and attempts. In the same context, people with osteoarthritis showed elevated ORs of suicide attempts in men and women.
Our study has obvious limitations. First, the nature of cross-sectional design used in our study entails a measurement bias because BMI was measured at the time of recruitment while suicide behaviour was a retrospective recollection of thought and acts within the previous year. Therefore, we could not test for causal inferences regarding the development of suicidal behaviours and obesity over time. Second, we used suicidal behaviours (ie, suicide ideation and suicide attempts) only in the analysis. Therefore, the association between obesity and completed suicide could not be elucidated. Especially, due to the limitation of general population-based survey, the definition of suicide attempts was presented with a general terms to the respondents, therefore suicide attempts in our study inevitably include the cases of selfinjury related with certain psychiatric disorders such as borderline personality disorder. Third, we could not describe and adjust the comorbid psychiatric disorders such as anxiety, eating disorders and borderline personality disorder due to lack of data. Fourth, we conducted the subgroup analysis by sex and age level. It might weaken the statistical significance due to the small sample size. Finally, the data in our study were collected through face-to-face interviews; therefore, interviewer bias could not be excluded.
Although our study has several limitations, it made several meaningful findings. First, we found that the association between obesity and suicidal behaviour among Korean women varies according to age range in a given population. There are few studies indicating this association according to age range, especially in Asian countries. Second, the different results obtained among women according to age range, particularly the low risk of suicidal behaviour among severely obese women in the older age group, highlighted the importance of considering the age range when investigating the correlation between obesity and suicidal behaviour among women. A subgroup analysis of age groups may be required.
Despite previous studies, whether the obesity and suicide are independently associated or not is still unclear. Meanwhile, obesity and suicide have become a major issue on public health throughout the world. From a practical point of view, it seems that further researches on a discovery of specific conditions, which could amplify the risk of suicide in obese people, are necessary in different cultures.
CONCLUSIONS
The association between obesity and suicidal behaviour exhibited a different pattern by sex and age in South Korea. In particular, severely obese women aged <50 years were at a high tendency of experiencing suicidal behaviour, such as suicide ideation and attempts. Our study results highlighted the importance of prioritising obesity management among young women within public health in Korea. Furthermore, our study results may prove helpful to other Asian countries with a similar culture in relation to gender and relatively low prevalence of obesity, such as that in South Korea, in setting up the health agenda.
